INTRODUCTION
Periodic breathing (PB) is a common pattern of breathing during infancy. 1 Preterm infants have significantly more PB when they reach term than infants who are born at term. 2 Hypoxia has been associated with an increased incidence of PB, 3 and PB by itself may cause episodes of hypoxemia. 4 We are unaware of any study that has reported on the pattern of oxygenation in preterm infants who have significant PB.
Our aim was to determine the influence of PB on the pattern of oxygenation in preterm infants at discharge from the hospital. Our hypothesis was that PB would be associated with decreases in oxygen saturation.
MATERIALS AND METHODS
We routinely perform overnight four-channel pneumogram recordings in all preterm infants 34 weeks' gestational age at birth prior to discharge from our Level 3 Neonatal ICU. Infants were eligible for inclusion in this study provided they had significant PB (5% of quiet time, artifact-free), had recovered from their neonatal complications, and were not receiving methylxanthines or supplemental oxygen. Infants were excluded if they had an intraventricular hemorrhage grade 3, periventricular leukomalacia, seizures, chronic lung disease, or cardiac failure (including a clinically significant patent ductus arteriosus). Infants with congenital malformations were also excluded. Of the 343 infants tested, 50 had significant PB. However, only 28 fulfilled all the criteria necessary for inclusion and further analysis.
Impedance breathing movement, nasal airflow oscillimetry via a thermistor, and heart rate were recorded with the EdenTrace II Plus monitor (Mallinckrodt, Pleasanton, CA). Recordings of arterial O 2 saturation (SpO 2 ) were performed with the Nellcor NP203B pulse oximeter (Mallinckrodt). Data were stored in memory and subsequently printed. The following measures were obtained from each recording: (1) percent PB per quiet time, (2) number of episodes of PB per 100 minutes of quiet time, (3) mean duration of all PB episodes, and (4) duration of the longest episode of PB in each recording. PB was defined as an episode of three or more successive apneic pauses of 3 seconds duration with each separated by 20 seconds of normal respiration. 1 We defined significant PB as 5% of quiet time, artifact-free, based on the findings of Hunt et al. 5 that the 95th percentile for PB in term neonates was 4.7% of quiet
OBJECTIVE:
Periodic breathing ( PB ) is a common respiratory pattern in preterm infants. Our aim was to determine the influence of PB on the pattern of oxygenation in preterm infants with significant PB at discharge from hospital.
STUDY DESIGN:
Overnight 12 -hour recordings of arterial O 2 saturation ( SpO 2 ), impedance breathing movement, nasal thermistor signals for airflow, and heart rate were performed in all preterm infants 34 weeks' gestational age at birth, prior to hospital discharge. Infants had recovered from their neonatal complications and were not receiving methylxanthines or supplemental oxygen. Data from 28 infants who had significant PB ( 5% of quiet time artifact free ) were further analyzed. Gestational age at birth was ( median, range ) 32 ( 27 -34 ) weeks, and gestational age at recording was 35 ( 33 -37 ) weeks.
RESULTS:
The baseline SpO 2 was 98% ( 92 -100% ). During PB, all infants had episodes when SpO 2 fell 5%, and all except one had episodes when SpO 2 was < 90%. Sixty episodes of prolonged desaturation ( SpO 2 80% for 4 seconds ) were recorded in 10 infants: 31 occurred during PB, 16 during hypopnea, 10 during apnea, and 3 occurred in the absence of these breathing patterns. During PB, nine infants ( 32% ) had 1 to 13 episodes of prolonged desaturation, lasting 9 ( 4 -76 ) seconds.
CONCLUSION:
We conclude that PB is a common cause of prolonged desaturation in preterm infants at discharge. Original Article
Quiet time was defined as period of recording during which no artifact or effect of motion on the heart rate, impedance breathing movement, nasal airflow oscillimetry, and SpO 2 as recorded by the EdenTrace II monitor were observed. Two continuous minutes of quiet time were required before scoring was started. All apneic events, PB, and SpO 2 were scored only during quiet time. Active time was defined as the presence of artifact and motion lasting for 2 minutes in recorded waveforms. Baseline SpO 2 values were derived from the middle of each episode of quiet time, and at least 10 seconds away from sighs or apneic pauses before PB episodes. 4 During PB, episodes of 5% fall of SpO 2 and percent of PB time that an infant spent at that level, as well as episodes of desaturation to <90% and percent of the PB time that SpO 2 was below this level, were calculated. The number of episodes of prolonged desaturation (SpO 2 80% for 4 seconds) 6 and their duration were measured. Apnea pauses (central, obstructive, or mixed) lasting 6 seconds were recorded, as were episodes of hypopnea (50% decrease in the amplitude of breathing movement as detected by impedance pneumography). Episodes of bradycardia (heart rate <80 beats/min for 5 seconds) were also recorded. Episodes of prolonged desaturation were analyzed according to their relation to different patterns of breathing (apnea, hypopnea, and PB) or bradycardia.
Stepwise multiple linear regression analysis was performed to analyze associations between prolonged desaturation and patient characteristics (weight at birth and at testing, gestational age at birth and at testing) and PB parameters. p<0.05 was considered to be significant.
RESULTS
The patient characteristics are as shown in Table 1 . The duration of study (median, range) was 12.2 hours (10.4-13) and the median duration of artifact-free recording was 8.5 hours (6.1-10.3). Table 2 shows PB parameters. The median baseline SpO 2 was 98% (range 92-100%), and the fifth percentile was 95%. The median variability in the baseline SpO 2 in the same recording was 2% (1-4%). All infants had episodes when SpO 2 fell 5% during PB, and a median of 14.2% (3.5-44%) of PB time was spent at that level. Episodes of desaturation to <90% during PB were noted in all except one infant. In these infants, SpO 2 was <90% for a median of 3% (0-43%) of PB time.
Ten infants (36%) had 60 episodes of prolonged desaturation, defined as SpO 2 0% for 4 seconds. Nine (32%) had these episodes of prolonged desaturation during PB, with a median of three episodes (range 1-13), lasting 9 seconds (range 4-76). In these nine infants, the median time during which SpO 2 was 80% was 41 seconds (range 4.2-372). Infants with prolonged desaturation had baseline SpO 2 comparable with infants without such episodes. An example of a typical recording is shown in Figure 1 . Note the episodes of PB recorded on the respiratory impedance channel, accompanied by two episodes of prolonged desaturation. Table 3 shows the frequency of episodes of prolonged desaturation during PB, hypopnea, and apnea. Interestingly, some episodes of prolonged desaturation occurred in the absence of these breathing patterns. Furthermore, no episode of prolonged desaturation during PB was associated with bradycardia.
Stepwise multiple linear regression analysis revealed no association between prolonged desaturation and patient characteristics (birth weight, weight at testing, gestational age at birth, or gestational age at testing) and PB parameters. 
DISCUSSION
The breathing patterns of preterm infants and the occurrence of desaturation have been described previously. We are, however, unaware of any report on the pattern of oxygenation in preterm infants who have increased PB. PB is a common respiratory pattern in healthy term infants during the first year of life. 7 Hunt et al. 5 found that in term newborns at a month of age, the mean duration of PB was 1.7% of quiet time, with a 95th percentile value of 4.7%. The incidence and duration of PB in preterm infants are greater; in a group of preterm infants studied prior to discharge from hospital, Glotzbach et al. 8 found that all had PB. Moreover, the mean PB parameter values were higher than those in healthy term infants. Of note, all 343 infants in our study had varying amounts of PB (0.1-54.4% of quiet time).
In this study, all infants with significant PB had a drop of 5% in SpO 2 during PB and spent a significant amount of PB time at or below this level. All infants, except one, had episodes of desaturation to <90% with PB. We found that PB was the commonest cause of prolonged desaturation in this group of infants. The remaining episodes of prolonged desaturation were associated with hypopnea and apnea. Interestingly, most of these concurrent episodes of apnea and hypopnea were <10 seconds in duration. Five percent of the episodes of prolonged desaturation was observed without apnea or hypopnea.
Wilkinson et al. 9 found that, in lambs with repetitive apnea, mixed venous partial pressure of oxygen was low. Poets et al. 10 showed that lung volumes are low during PB in spontaneously breathing preterm infants. These findings of decreased mixed venous pO 2 and lung volumes may explain the relationship between PB and episodes of oxygen desaturation. The occurrence of prolonged desaturation in our study during short episodes of hypopnea, apnea, as well as in the absence of any abnormal breathing pattern makes the hypothesis of decreased lung volume a possible mechanism triggering these hypoxemic episodes. Hunt et al., 11 in a longitudinal assessment of SpO 2 in healthy infants during the first 6 months of age, found that acute decreases of at least 10 saturation points below the baseline SpO 2 were normal phenomena, occurring in almost two thirds of infants studied, and that 79% of these episodes was associated with PB. Poets et al. 4 studied arterial oxygen saturation in preterm infants at discharge from hospital and 6 weeks later. They showed that not only did the baseline SpO 2 rise, but the frequency of desaturations also decreased. Furthermore, at 6 weeks, when these infants were approximately 3 weeks after term, the 95th percentile for the frequency of prolonged desaturations was three per 12 hours. This frequency of prolonged desaturation was comparable with those in a group of term infants at the same age. Their data showed that most of the desaturation episodes were associated with PB.
These studies show that occasional falls in SpO 2 by >10% or to <80% must be regarded as normal during the first 6 months of life. Although the physiologic significance of these hypoxemic episodes is not clear, it has been shown that hypoxemia may have a potential effect on growth and development. 12 Riordan et al. 13 showed that in healthy infants, increased PB is associated with slow weight gain. Oxygen saturations, however, were not recorded. How often, how long, and how low SpO 2 may fall without having significant consequences are questions that cannot be addressed with the available data. Although the usage of methylxanthines reduces the amount of PB, 14, 15 there is no clinical evidence that this therapy is necessary or that it alters outcome.
In summary, this study shows the influence of PB on arterial oxygenation. Analysis of the associated breathing patterns shows that PB is the most common cause of prolonged desaturation in preterm infants who have increased PB. The prognostic significance of these hypoxemic episodes remains to be determined.
